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ABSTRACT 

Report N o .  T-1C97-8 

This r e p o r t  covers t h e  per iod  1 January 1 9 6 4  t o  1 February 1 9 6 4 ,  under 
Contracr BAS 8-5435, which c a l l s  f o r  twc?lvc months of research  and 
development of a high temperature thermocouple capable of measuring 
rocket  engine exhzust temperatures i n  t h e  3000°C range, under adverse 
condi t ions of ox ida t ion ,  e ros ion ,  v i b r a t i o n  and shock. 

n?, L . . ~  2 primary ohJcct ivcs  of The progrcin a rc  t o  advarice t h e  s ta te-of- the-ar t  
of h igh  tciz?crature therrnonetry, and t o  develop an end product su i t ab le  
f o r  i n - f l i g h t  Cenpzrature measurements on the SA’EitU veh ic l e .  

Work during t h e  c u r r e n t  r epor t ing  per iod w2.s d i r e c t e d  p r i n c i p a l l y  t o  
design.  f a b r i c a t i o n ,  and tes t  of t h e  secmd generation gauges. Three 
such gauges a r e  scheduled for de l ive ry  t o  X . A . S . A .  i n  February 1964. 

..I ,. 
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SECTIOX I 

1.0 ?er iod  Cavercd 

This x ? o r t  covers  the  period L January 1964 t o  1 February 1964. 

1.1 starerncnt of Work 

The Contractor  shall advance ith2 srzze-oZ-the-art  of high tenpera- 

a t s l y  z e a s u ~ i z g  high tea?crztures 5 y  ces;l:ziTrg, f a b r i c a t i c g ,  
testing, and d e I i v 2 r h g  ;.,ine (9) the-------*- L,,IuLu,lle ’ probes capable of 
operatior;  in the 3GGO°C -cer;.?cratLre rage under adverse condi t ions 
of c ros iox ,  O X ~ ~ Z - C ~ O X S  2nd high S‘;TC?SS l e v e l s  f o r  useful per iod of 
t i n e .  Also,  pressnir nzthc6s of tkmimcaupie probe f a b r i c a t i o n  
will be E d i f i e d  such t h a t  t he  232 p r ~ d ~ t  w i l l  be s u i t a b l e  f o r  in-  
f l i g h t  tcxpzrature nezs~re i i zn t s  on the  SATilRS vehic le .  

c L ~ L  .n3 7.- L A . ~ L I I I ~ I I I L  ,-.cPcn-7. i.y an2 s p c i f i c a f l y  I,;.pxve i 5 e  technique of accur- 
7 . -  

To a c c ~ ~ p l i s h  the  above ob jec t ives ,  t he  Contractor shall consider  
and explore  s p e c i f i c  I1&D efforts ;is foi iows:  

a. Dcvcfogment of the  physical  srructurc of an imiersed probe 
to Gttzin mininuii drag and highes t  r e s i s t ance  t o  bending 
 an^ shear  forces .  

b.  Ascertain the b e s t  combination of ingredien ts  i n  t h e  pro- 
t e c t i v e  coa t ing  of t h e  probe t o  extend the t e r m  of oxidation 
r e s i s t ance .  

Dcrerxinc t he  best combination of coa2ensated lead w i r e s  
for use with the imiers ion type probes. 

IncorporzTe f a r e s t  state-of-the-art nzter ia l s  as potring 
and seal’iig k i e m n t s  i n  t h e  base of the probe. 

c. 

d. 
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1.1 Statement of Work Cont.... 

e. Determine e f fec ts  of reac t ions  between oxide coat ings and 
tungsten i n  r e l a t i o n  t o  the  emf output. 

F. Establ i shnea t  of r a t e s  of erosior; f o r  C i f f e ren t  typs of 
r t?frzctory coat ings such as tusgs ten  d i s i l i c i d e ,  carbides  
and ce rxe t s  when subjected t o  high v e l o c i t y ,  high tempera- 
t u r e  gas streams. 

1.2 Progress 

The design of r h e  secozd gerieration Type 4735 Gauges was 
,completed. 

5. Fa3r l cz t fon  

A p x t o t y p e  gauge was fsS;.iczted f o r  t e s t  and evaluat ion.  
Piec2 ? a r t s  f o r  t he  gtuqes t o  be de l ivered  were put i n  work. 

An e x i s t i n g  ACT, Calii iration 
Type 4735 Gauges. 

Ovzn was modified t o  accept t h e  
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SECTION TI 

PAST PROGRESS 

GencTa l  

? x v i o x  c f f o X  was reported in ACL Progress Reports T-1097-1 
through T-1097-7. 

P r o t o t y e  i)osir;n and Dcvelopmnt 

?,s w a s  ?reviously repor ted ,  o3jecTives f o r  t h e  first prototypes 
we:*r l imitez :o the 4 ~ 1 0 0 " ~  - Q S O ~ " ?  ?zr,ge i n  t h e  i n t e r e s t  of 
accusufat ing t e s t  d a t a  for analys is ,  rhe  results to be u t i l i z e d  
i n  f u t u r e  design. 

A design approach for ~ h ?  prototype gacges w a s  selec-ced, and 
drawings p repa red ,  derzllkn5; means of fzbr icat iontai id  assembly. 

T Lxives t iga t fox  7x22 i n t o  f zb r i ca t fon  Techniques i w o l v e d  i n  
working v a p m  de?osited Tungsten, r e s u l t e d  i n  improved ma te r i a l  
handling techniques . 
Shock m d  vibration t e s t s ,  pcrfomc2 on a prototype mock-up, 
r e s u l t e d  i n  a conclusioa t h a t  t h e  shearh ma tz r i a l  was i n t r i n -  
s i c a l l y  cz2aSie of withseanding the spec i f i ed  shock and v i b r a t i o n  
requi remzts .  

Sanpl t s  of var ious types of compeasation l ead  wires were ordered 
for t e s t  and evaluat ion.  

An evaluzition of t h e  S R I  c a l i b r s t i o n  t e s t s  f o r  ACL Type 4734 
gauges' w a s  made, r e s u l t i n g  i n  a conclusion t h a t  an optimum inner- 
sion depth might be i n  t h e  order of 1-1/2 inches i n  an isothermal  
region.  

The two Type 4734 gauges t e s t e d  by K . A . S . A . ,  and re turned  t o  ACL 
were examined, and r e s u l t s  of  t h e  examination were reported.  

Page 3 
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2.1 Prototypc Design and Development Cost .... 
A t e s t  of a "no-insulation" approach w a s  s t a r t e d ,  bu t  was aborted 
dcil t o  a failure i n  t h e  tes t  oven. 
continued. 

Such tes t s  were subsequently 

Three proro type  gauges were de l ivcred  t o  M-ASTR-I, on 17  OctoSer 1 9 6 3 ,  
l o r  test 2r.d zvaluation. Czi ibra t lozs  of t h i s  type of gauge ixdica-  
zed a shlfr in cnnf output  110 a higher  value than  t h a t  shcwn In 
~ r w i o u s  c e l i b r a t i o n s .  The s h i f t  wzs bel ieved due t o  a spurious m f  
c o x t r i h t e d  hy t h e  " c o ~ p n s a t e d "  lezd wires. The curves,  however, 
p a r a l l e l e d  t h e  curvSs taken by Sou'ihern Research I n s t i t u t e ,  as w e l l  
;is :hose predfcted by ACL. 

f u r t h e r  t e s t s  v e r i f i e d  t h e  presencs of l ead  w i r e  e r r o r s .  

Amlyses of form ana shock d ~ z g  Icds w s x  made. 
Se considered i n  future dc- s ig .  

The results w i l l  

I nvcs t lga t lons  of oxidar icn  r e s i s t c z i  coat ings were continued. 
Acc.;-;xla';cd da t a  was reviewed, arid t a j u i a t e d  f o r  comparison and 
reference.  

- Xespo;!se rests ?erioFxzZ on G X  Ty?e 4735 gauge yielled response 
as  i.Gw t s  45 .-Ailliseconds f r o 3  mbient .a i :  t o  b o i l i n g  water. Lead 
wire ~ e s t s  r~.s-L';2d i n  a c o x l u s i o n  -chat the thernocou?le mater ia l s  
should 5e used i n  lead extezsions 5 ~ : -  b e s t  accuracy. Further 
i nves t ig s t ions  of oxidat ion resisrm-: coat ings , and i n s u l a t o r s  
ve=. i f ie2 zhe conclusion reached i n  e x i i e r  tests. 
second generat ion gauges w a s  continucci. 

Design of the 

, 
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3.0 General 

SECTION 111 

CURRENT PROGRESS 

E f f o r t  during t h e  cu r rea t  r q o r t i n g  period was d i r e c t e d  p r i n c i p a l l y  
t m a r d  design of t h e  second geneyation gauges, improvercent of the  
high teiiiperature c a i i h a r i o n  t e s t  s e t  up, m d  f a b r i c a t i o n  of a * 

second generation prototype. 

3.1'.1 Second Generation i;"tucc"s 

0 D e s f y m  of rhe sxor .5  :;-emr~-:ion g.-zg?-s w c s  ?;-edicated up02 t e s t s  
of three firs-: gc-x=.a-:ion s;,agix, ;s ? x v i o u s l y  repor tec .  Major 
ob jec t fvzs  for Irqrovexen: [:em : &Li:z~'chn ef l ead  wize e r r o r s ,  
re2ucriori i n  weighr ezd sizc . ,  ir.c:zzs& i n r e g r i t y  of zhe t r ans -  
i t i o n s  ?r;.o:~ -the shearh azZ cez te-  ccrLc~!c'cs.rs to t h e i r  resrJective 
l e a d s ,  e i i r r ica t ion  of insu l i i ror  2rcj'sleixs wi th in  t h e  shez th ,  and 
s i z q l i f i c a t i o n  of sheath f d r i e a - z i a .  
s ~ ~ o w s  details of gauge construct ion.  

The sketch of Figure 1 

3.1.1.1 Body 

The body i n  t h e  s x - o n d  p z e r a t i o n  gauges is fa3 r i ca t ed  f r s m  
s e r i e s  303 stair . lzss s t z c l .  The bedy length has been reduced 
t o  2.S75 inches ,  ir;2 ";he diaxeter 20 - 7 5  inches.  The 7/16-20 
cnf nounting 52s b;;-cr? re ta ined .  
eli;nincTed. '2.2 i > z e m a l  scheze fa=. m:zizing the  shearh 
a s se rh ly  i n   he body has SOT been chzngcd. Xcwever, the r e t a i n -  
ir,g nat has See3 reduced i n  lengrh t o  - 5 0  inch. The chreaded 
connections previously used t o  make up t he  body, k v e  beea 
r s ? l x e d  with ;i weldnent beween t h e  Sody proper  and a c o a i c s l  
s t a i n l e s s  s t e e l  cap, which replaces  t h e  i n t e r n a l l y  threzded cap. 

All exteznal threads have been 

e 
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3.1.1.1 fiody Cont.... . 

In  the  f i n a l  s t age  of t he  assembly, t he  a f t  po r t ion  of t h e  cap 
is welded t o  t h e  s t a i n l e s s  s t e e l  l ead  wire sheath.  
is thus rendered le& proof, and is highly r e s i s t a n t  t o  
envfTonmenzal stresses. 

The body 

3.1.1.2 Shea7:h Assembly 

The shez th  zssembly is e s s e n t i a i i y  the saxe as previously used 
i~ tho first gsneratfon gauzes. ?'he zft por t ion  of t h e  sheath 
has  been shortened t o  ,687 inches. The f r o n t  end remains the  . 
sane. A s  a consequence, the i imersion depth w i l l  be t h e  same. 

3.1.1.3 i n s - d a t c r s  

3.1.1.4 Lead Kire 

Tes% fnus  fzr havs c i e a ~ i y  inbicc-cccl t h e  srrors introduced i n  
the  curpuf of the gasge dce 20 -fix use of compensated lead wire ,  
where  t h e  renpcrarure of t h e  trmsi;ions are  not cont ro l led  
within nznufacturers reco;;s;,endzt:ons. The possibilizy of provid- 

with X-.hLs-~ personnel.  Soweve-, it is felt t h a t  t h i s  should 
be se r ious ly  considered only if it proves inposs i3 l e  t o  u t i l i z e  
othez- T.?EX-:S of e l in ina t ing  t h e  1222 wire error. Tne most obvious 
so lur ior ,  t o  t h e  lea2 w i r e  ?roblea is to use tmgsten and tu rgs t en  
26 rhmiu-;;. It is  e n t i r e l y  practical TO bend these n a t e r i a l s  i z  
wire forn i f  . the bend radius  is ke2t large i n  r e l a t i o n  t o ' t h e  
wire  l i r m t e r .  
not b2coac b r i t t l e  upon temperature cycl ing.  

- - - 7 - . - L  L _  AL- L - 2 - -  
iiig &ciSCUUS C U U l u i I L  L G  L A r C  UWUY of yk? g&Uge kzs hzez 6fseGsseZ 

n-3 - 

The tungsten 26  r h e n i m  is q u i t e  d u c t i l e  and does 
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3.1.1.4 Lecld \ : T i z ~  Cant.. . . 
r-l* Tungsten wire does become b r i t t l e ,  however, t he  tenpera ture  
ir! t h e  l ead  ( a f t  of t h e  body) is  no: expected t o  be h igh  enough 
t o  induce emS?itt lcaent i n  the  tl;ngst=.cn l ead .  A t  t h e  t r a n s i t i o n  
between t he  tungsten l e a d  2nd t h e  tzngsten sheath,  .the tempera- 
tur? fiiay Sc?ci)zie q u i t e  high. 
4735 gauges shows t h a t  t e q e r a t u r c s  may becone, dur ing  a long  
run, high enwgh :o m c f t  the  brczizg n a t e r i a l  used t o  e f f e c t  t h e  
t r m s i t i o n .  .A Srca?c i;l cont inui ty  w o d d  z e s u l t .  I n  t h e  second 
g e z e r r i t l o n  TYPE! 4735 gauges, .&CZ e x p c t s  t o  use a mechanical 
band ;is t h e  primary j o ix ing  nethcd. I n  t h e  prototype coxstructed 
f o r  t e s t .  rhree turns  0." r-uiigsten wzre were made around t h e  er,d 
sf :he sheath. As ~f t h e  prsseilt r eyor t ing  per iod,  t h i s  method 
has yielded good r e s u l t s .  Should f w r h e r  r.:echanical s q p o r t  be 
required.  adequate spacs is  a v a i i i h l e  within t h e  body. ?re- 
de i ivezy  t e s t s  a r e  expected t o  prove rke f s z s i b i l i t y  of t h e  method. 

Exp?.'Pence with t he  Type 4734 and 

3.1.1.5 Forrninr >!asdrels 

Thc nandrels usee --- Lu fo ra  the firs? shearks were nade in two 
3Zeces. D x  : ~ x l t y  13,s ezcountzred ir, w i t h a r ~ w i n g  tF,e mo-piece 

a-p& -k c, ~i i 2 T -. 
&IiL steel of r h e  ma,:drcl. was ilecesszry, -S;e;.efore, 

to e x >  r;he s r2c l  ou'i with c o n ~ c : - ~ w c r e d  h y d n c h i o r i c  a i d .  
A l ~ h o - ~ ~ ; .  i-,iis rz thod works, it is :im-coxsuqing and Introduces 
t h e  p ~ s ~ i b l l 2 t y  rhae a s m d l  p ie?? 0: s t e e l  ii-~sy be l e f t  i n  t h e  
ti?. m a r  the juacxion. The p r e s m t  rnzndrels are one-piece con- 
s t ~ u c z i o n .  Although the Yomatiax a 3 ? e z s  somewhat more d i f f i c u l t ,  
there is a Ret s a v i n g  i n  t ir, ie, m d  t h e  p robab i l i t y  of success fu l  
na id re l  withdrawal is  increased. A s i n p l e  . q u a l i t a t i v e  t es t  then  
i s  used t o  de'rernine whether all stez1 has been removed. If 
necessary,  any ' rena in ing  s t e e l  can be etched out, !hotlid any s t e e l  
renain i n  t h e  sheath, ir will l i q u f f y  with increase  i n  terzperature, 
and, s ince  tungster; is so luble  i n  molten s t e e l ,  a f a i l u r e  could 
r e s u l t .  

. C ^ .  

,,,,,.d~e;s m - 9  froin z S , ~  skeat;?s i ;xaus? of adherence between z;?e tungsten 

3 .  

3.1.2 C a f i b ~ a t i o n  S c t  -a 

- - I n  hig:h tenpera tc rc  z e s t s  performed with The ACL gas h r n e r ,  
' considerable  d i f f i c u l t y  has been e x p r i e n c e d  i n  obtaini;;g s t a S i l i z e d  

temperatxres.  

Page 7 
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Cont . . . . 
?!wh tim has been expended a l s o ,  in r e d w i n g  t e s t  dzta t o  
csaSlc for3 because o f . u n c e r t e i n t i c s  i n  nzking o p t i c a l  neasure- 
meats dce t o  flame s w i r l s ,  and i n  co r rec t ing  readings f o r  
e a i s s i v i r y .  ACL has  szt up,  t he re fo re ,  and plans t o  use an 
e x i s r i n g  high tem?erature fmnace  f o r  f u t u r e  c a l i b r a t i o n s .  The 
burner w i l l  be used only f o r  .oxidarion t e s t s .  

Xodif icct ion of the ACL h i g h  t e s y ~ c t u r e  furnace has heen made 
t o  accorxmciate the Type 4735 gauges. The furnace is f ab r i ca t ed  
a s  foliows: An outer s h e l l ,  made of zirconium GxFdc coated 
~ ; ~ ? a p k i t i ? ,  s ~ r i - o ~ n c i s  z ca l i52a t iox  c a v i t y ,  which i s  made of 
tuzgstex. A s l g h t f n g  pori: f o r  o ~ t i c a l  oSscrvation i s  loca ted  
o??os i te  t h ~  r i p  of xhe gzuge. A s z a l l  h l ~  i n  the  b ~ t t ~ ~  of 
t?.z 2avI';y p r m i t s  i ts  i x t c i o r  -LC * 22 '̂. , , o~ded  wi th  argon gas. 
Tke s?,acc b23~72en the czvl ty  zxd :l:c d.-- . :~i~ 1s &so flGGded wich 
argon. F o r  viewing zhs ~ 5 2 ,  an G ? ~ - x z ~ ~ ~  fl&r quar tz  viewing 
p o r t  is loca ted  ir: t h z  s h e i l .  

, - -  . 
. -  

The s e t  up is i l l u s t r a t e Z  i n  Figyre 2 of This r epor t .  
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PR0GW.M FOR KEXT TNTEWAL 

4.0 i )bject ivcs  f o r  t h e  i nze rva l  1 FeSrusry 1964  to 1 March 1964 are: 

a. Fabr ica te  sscond gsnerat ion gauges. 

b. Calibrztc and test gauges. 

c .  Prsparc f o r  d e l i v e r y  of gaugcs. 
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SECTIGX V 

STATEXSET OF YLW SOURS 

5 . 0  Hours by Catejiory 

Previous 
C s t e  c o x  P e r i o d s  

. *  
Sngineering 628.0 
Cler ic21  115.5 
Fadr ic at i on 622.5 
Consulting 20.5 
Draft ing 51-0 

Page 10 

Current 
Pz r iod  

66.0  
* - f ~ - ~  . 
S7.0 
- 0- 
10.0 

i 

To 
Date 

694.0 
125.5 
709.5 

20.5 
61.0 

- 
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